Introduction
The His bundle (HB) is located in the right atrium and right ventricle under the membranous ventricular septum. Recently, His bundle pacing (HBP) has re-emerged as an alternative to ventricular pacing strategy; it has been shown to successfully narrow the surface QRS complex and improve left ventricular dyssynchrony. However, ventricular lead-induced tricuspid regurgitation (TR) can occur as a complication of HBP and is associated with a poor prognosis.
In most patients, the HBP lead is positioned on the atrial side of the HB; in others, it is positioned in the tricuspid valve (TV) or on the ventricular side of the HB. An association was established between the HBP lead position and lead-induced TR using three-dimensional (3D) echocardiography in our research. In a previous study, long-term follow-up echocardiography during the 1 to 1.5 years after device implantation showed that 38% of the patients developed right ventricular lead-induced TR, defined as an increase to grade 2 or 3 TR. 1 However, TR induced by the HBP remains poorly understood. Therefore, in the present study, we determined the association between the HBP lead position and leadinduced TR using 3D echocardiography.
Case report
We successfully implanted permanent HBP (dual-chamber pacemakers) in 45 patients according to the guidelines. In most of these patients, the tip positions of the HBP leads were located. However, we were able to visualize the device lead crossing the TV using 3D echocardiography in 6 patients. In 5 of these patients, we observed that the tips were positioned under the TV, where the branching portion of the HB is suggested. In 1 patient, the tip of the lead was located on the TV, where the penetrating portion of the HB is suggested. The penetrating portion of the HB is located near the tricuspid septal leaflet, whereas the branching portion of the HB is located on the posterior sites of the muscular interventricular septum just inferior to the tricuspid septal leaflet. In all 5 patients in whom the tip of the HBP lead was located under the TV, the 3D echocardiogram revealed that the tip of the HBP lead was located in the ventricle via the commissure of the anterior and septal leaflets without impinging leaflet mobility (Figure 1 and Supplemental Video 1).
During long-term follow-up (mean duration of 12.5 months), 3D echocardiography showed no deterioration in TR in any patient, even the 6 patients whose leads were
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KEYWORDS His bundle; His bundle pacing; Lead-induced tricuspid regurgitation; Three-dimensional echocardiography; Tricuspid valve commissure (Heart Rhythm Case Reports 2018;4:437-438) positioned on or under the TV. Three patients had trace-to-mild (grade 0-1) and 2 patients had moderate-to-severe (grade 2-3) TR. Moderate-to-severe TR in these 2 patients improved to mild after pacemaker implantation. Before and after pacemaker implantation, pulmonary artery pressure was calculated for each patient from the peak TR jet velocity; this showed no significant change (before, 32 6 2.5 mm Hg; after, 30 6 2.4 mm Hg; P 5 .53). No rise in pacing threshold or lead dislodgment was seen during long-term follow-up.
Discussion
Previous studies have demonstrated that positioning of the HBP in the commissural position is associated with a less severe TR. 2 In the present study, we assessed the relationship between the HBP lead position and TV functioning using 3D echocardiography. We found that the tip of the HBP lead could be positioned in a commissural position in the right ventricle without impinging on leaflet mobility. These results confirmed that the HBP lead position does not affect TV function, even if the lead is implanted on the ventricular side of the HB. It is thought that HBP can be applied without negatively affecting long-term prognosis, when compared with the use of right ventricular apical or septal pacing. 
